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ABS T R A C T  

The performance characteristics of a pressure-suited astronaut during 

ingress -egress through a cylindrical, manually operated airiock were 

studied by water immersion simulation techniques. The buoyancy force 

induced b y  water displacement of a totally immersed subject was used to 

counteract his aaljusted total weight to provide the simulated Weightless 

environment. The subject performed a real -time ingress -egress 

maneuver a8 determined by functional task analysis OE a representative 

mission. 

The  folla wing airlock operational characteristics were investigated by 

factorial replication : 

- The effect of airlock geometry and volume on total performance. 

- The effect of hatch geometry, diameter and operation direction 

on performance. 

- The contribution a f  torque requirements, hard ware placement 

and motion aids to the problems and procedures comprising 

ingress-egress a n d  manned replenishment. 

Correlation to actual weightless conditions was provided by similarity 

comparison with experiments performed aboard zero gravity research 

aircraft, 
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S U M M A R Y  

The National Aeronautics and Space Admixistration currently planned 

space missions include manned maqezrvers requirhg extzavehicular task 

performance. During these maneuvers the astzonaut will operate in an 

anthropomorphic, full pressure suit at pressures of 3.5 P S I A  or 

greater. 

In  the early phases of manned space exploration, 

€or airlocks, a simple hatch is to be used f o r  the transition to space. 

The Apollo mission is the first to incorporate an operatior;al airlock. 

This airlock functions to provide internal crew transfer between the 

command module and the L E M .  

with no provisions 

An airlock, in general, comprises an airtight structure having two 

hatches connected b y  an intervening passageway. The airlock permits 

ingress and egress through the airtight hull withorrt requiring depressuri- 

zation of the space vehicle, It is sized to accommodate the transfer af 

crew and  replenishment materials and can be either manually or 

automatically operated by one or more astronaut crew members. 

In a previous study, NASI-2164 ENVIRONMENTAL R E S E A R C H  

A S S O C I A T E S ,  investigated the considerations involved in the trade- 

o f f  between spatial restrictions, confi"guration and sea! leakage. This 

study resulted in the conceptual design aE two airlock confiprations. 

The €irst a cylindrical geometry structure of 28 inch diameter, has been 

u s e d  at L R C  in a sea. test program. The second aizlock,a 48" diameter 

5 



cylindrical structure having a length d 72 itches, was ccznstrycted as 

a full scale model d trmsparent plastic b y  NASA-LRrC. It h d z d e s  

an oblong door on one e n d ,  a circular dooz cx the GC&T ~ 2 . 3 ,  and  a 

circular side door. This aiAock was emp!~yed  PL5ase 1 a' this 

contract, NASl-4059, which demonstrated the teckniques ai' water 

immersion simulation as applied to airlocks ar;d k g r e s s  -egress p r o -  

cedures. 

This program was established a s  an erperimsxtal study 50 dstermine the 

d e c t s  OE the weightless (traction - f ree)  env:rcnmwt 03 the ?se,-i9rmance 

of a pressure-suited astronaut (subject) durizg hgresz-egress m zaevvers 

through the 48Ir x 72" airlock. 

. .  

This program provided the capability to sfudy the &est clp spaceciaf-t 

airlock codigurations and hardware on weightless per.ormwics cd a 

pressure suited astronaut and to determine airlock design criteria a n d  

pedorrnance specifications. 

The secondary objective of h h h t  program was the dsvelopmslzt and valid- 

ation of a combined simuldion technique eapable we -Drodu=izg a tzacticn- 

less  environment €or a kuma? subject -&de d l o w i ~ g  six dngy-ees of 

freedom aE motion. 

The simulation technique picvided an external staia C X ~  we:'g.Messness i. e 

a condition wherein the sub jec t  could not ut2ise kke &act I-s^ grav2y to 

provide necessary body reaction forces  02 ~ P Z C ~ ~ G X .  Tke  aa.ja~ity- d* 

the Phase I1 experiments were conducted in the w a t e ~  immersion mode a€ 

simulation 
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Simulation d weightless environment by water immersion as developed 

in this program requires that the complete weight QE the subject and  

associated equipment be counter-balanced by bz?oyaney forces due to 

immersion in the water medium. 

The undesirable efYects of d r a g ,  on performance in the -water immersion 

mode proved to be small. The drag produced deceie~ations for the 

ingress-egress maneuver performance in the water immersion mode 

were on the order a f  0.7 Ft/sec2. 

An auxifiary method for weightless task simulation was employed in 

this study comprising balanced gravity flights in the C-232 B aircraEt. 

This maneuver, although d short duration, closely regroduces actual 

weightless conditions as experienced in earth orbital space. 

The basic ingress-egress maneuver requires the subject to unlatch and 

open a door; enter the airlock; make a complete turnaround; close a n d  

latch the door; make a second turnaround; unlatch aad open the second 

door; exit the airlock and finally close and latch door. These tasks 

are shown in Figures 1-3. 

Although variations in the direction. of travel (iaward QT outward door 

opening), in suit pressure and in hatch diameter had a significant cticect 

on task performance, the subjects successfully accamp1;'shed all a€ thek  

task assignments, 
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Only three subtasks of the seven comprising the basic maneuver were 

particularly aEfected by simulated weightlessaess &though not all in 

the same fashion. 

Ingress-egress maneuvers were additionally performed using a torque 

device to simulate the latch action of the model ain'ocic. The test 

subject was able to apply torque by using body inertia external to the 

airlock and by using hand and foot holds while internal to the airlock. 

Experiments involving position a n d  placement of intepnal opeiating 

equipment showed that although the subject c x l d  see and reach any position, 

the degree of facility varied f o r  dzerent positiom= a n d  performance 

deteriorated with time. These tests also pointed out dDiculties of 

controlling hand-held equipment. 

During the c o u r ~ e  aE the ingress-egress task performance experiment 

evaluations were conducted utilizing hand-holds , tetherliaes and fixed 

railings. These initial tests clearly showed the value d these motion 

aids but, at the same time, indicated problems. The handholds internal 

to the airlock were useful in aiding a turaaround but also were hazardous. 

In  one instance the stibjects helmet visor took a sharp blow during 

turnaround. While e x t e n d  tether line allowed the subject to retzfeve 

himself, the fixed bar gave him much greater csntroi a d  the ability to 

preposition himself f o r  reentry into the airlcck. Ths use a€ these 

external motion a i d s  affected the stability d the &,-Jock. A comparison 

of the visual and performance aspects of ingress-egrsss in the various 

simulation modes is given in Figure 4 .  
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CONCLUSIONS 

Operations of pressure-suited subjects during the zea'-ti'rne performance 

d a representative manual ingress-egress maneuver though a 

cylindrical airlock oE 48 inch diameter by 6 feet Icn& were assessed 

by water immersion simulation techniques. The sxhjects  were filmed 

during repetitive trials and the position-velocity time p r d i ' k s  of the 

maneuvers were analyzed for three simulation modes ; ground-normal 

gravity, ' aircratt-zero gravity, and water immersioE -neutral buoyancy. 

Performance data was presented f o r  the following repl'cdited parameters; 

- Subject 

- Suit Type 

- Suit Pressure Level 

- Hatch Configuration 

- Hatch Diameter 

- Hardware  Location 

Demonstrations OE the problems and procedures compri'sing the application 

of torque during ingress-egress , manual replenishment thril airlock 

and the employment of external motion aids s ~ c h  as f i x e d  bs- and tethers 

were accomplished. 

The experimental program performed in corj',:ncti"oi w2h NASl-4059,  

Phases I and 11 engenders the following cczciusicns : 
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1. A 48" diameter 61 leagth airlock passageway w3h 32" circular 

hatches is suliicient, from a space standpoiat, fop astronaut to 

adequately perform a manual ingress-egress maneuver. 

2. Counter rotation to applied torques, and movement due to applied 

linear forces  due to lack af gravity dependent body reaction forces  

must be counteracted to insure adequate operation. 

3. Hatch diameters less than 26" should no6 be utilized due to impediment 

to free travel and suit interactions. 

4. Ingress-egress maneuvers in airlocks of 48" diameter or less 

requiring internal turnaround OE a pressurized suited astronaut 

dictate strengthening of the suit faceplate to prevent accidental 

depressurization. 

5. Airlock hardware requiring operation by an astronaut in a 

pressurized suit must be sized to accommodate the lack of tactual 

and  visual ability concommitant with F P S  operation. 

6 .  Airlock passageways should remain as f ree  of hardware appurtenances 

as design factors dickate to prevent suit ixtersctioa. 

7. Water immersion simulation of weightless, low mIccity, restricted 

volume task performance, particularly involving pressurized suited 

subjects is valid axd further could adequately serve as a real- 

time task trainer. 
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RECOMMENCATI'OLVS 

The performance oE the series af .~xper:^me.sts 3~ svaig_i;tless ingress- 

egress in Phases I a n d  I1 a' this contract hem? engendered the 

following recommendatibns f w  f d u r a  effort in this arez. Xhese 

recommendations fall into two general classes; edsnsion of the series 

of experiments and demonstrations previously pexbrmed to gather 

data of increased statistical depth a n d  demonstraiicr,? of several new 

area8 e€ application in order to ascertah the operahianal and safety 

aspects a f  such experiments. Therefore the fc2awing zecommendations 

are made: 

- Performance QE ingress-egress tasks ta p r o v i d s  statistical 

replication subject, learning, fatigue. 

- Simulation c$ a rescue task.  

- Performance af ingress  -egress tasks with va-iable dimension 

airlock to determine performance/space enve i~pes  

- Simulation QE astronaut tasks with 'firiati'm .?I gravity ievel. 

- E valuation at' task performance i;l other aWocK co-diprations . 
- Correlatio.rl CrE task performarace with subject ena2gy inputs. 

- Establish procedures a n d  tzaining requirements for suited 

astronaut weigntlese task perfDrmance. 



Figure 1. Ingress -Egress  Performance- Ground Normal Gravity Mode 
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Figure 2. Ingress-Egress Task Performance-Aircr& Z e r o  Gravity Mode 



Figure  3. Ingress -Egress  Task Performance-  Water Immersion Mode 




